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Introduction:  The  treatment  of  fractures  involving  the  lumbar  spine  has  been  controversial.  Laminae
lesion  may  be complete  or of the  greenstick  type  (incomplete).  Dural  tears  and  nerve  root  entrapment
may  accompany  these  laminae  fractures.  The  aim  of  this  study  is  twofold,  to  assess  the  effect  of different
types  of  laminae  fractures  on the anteriorvertebral  height  restoration  in upper  lumbar  burst  fractures
and  to determine  the incidences  of the  intraoperatively  detected  dural  tear  and  neural  entrapment  in
complete  and  incomplete  laminae  fractures  to  choose  the  optimal  treatment.
Materials and  methods:  A  retrospective  review  was  conducted  on  112  patients  with  114  lumbar  burst
fractures  treated  operatively,  age  ranged  from  17  to 55 years  (mean  age  32).  Male  to  female  ratio  was
(93%/7%),  8 females.  Patients  were  divided  into  three  groups,  group  1 patients  without  lamina  fracture,
group  2 patients  with  complete  type lamina  fracture  and  group  3  patients  with  (percutaneous)  incom-
plete  type lamina  fractures.  All  clinical  charts  and  radiologic  data  of  these  groups  were  analyzed  for  their
association  with  dural  tears,  neural  entrapment  and the  impact  of  lamina  fracture  (complete  and  incom-
plete  types)  on  the efﬁcacy  of  anterior  vertebral  height  restoration.  The  severity  of  injury  was  determined
using  the  ASIA  (Modiﬁed  Frankel  scale).
Results:  Out of 114  upper  lumbar  burst  fractures,  lamina  fracture  occurred  in 34 patients  (29.8%),  com-
plete  lamina  fracture  occurred  in  21  patients  (61.7%),  whereas  incomplete  lamina  fracture  occurred  in  13
patients  (38.3%).  Dural  tear  was detected  in 16 patients  (47%)  and  was  predominantly  higher  in complete
type  lamina  fracture  12  patients  (57%)  when  compared  to 4 dural  tears  (30%)  in  incomplete  lamina  frac-
tures.  Analysis  of  the  data  revealed  no  signiﬁcant  difference  in  the  preoperative  anterior  vertebral  height
loss  and  local  kyphotic  angle  between  the  three  groups.  However  the  anterior  vertebral  height  and  local
kyhpotic  angle  restoration  were  found  to  be  affected  by  the presence  of  complete  lamina  fracture  when
compared  to  other  groups  with  incomplete  lamina  fracture  and without  lamina  fracture  (P =  0.001).
Conclusion:  In  upper  lumbar  burst  fractures,  complete  lamina  fracture  is  an  indicator  of  injury  severity.
When  detected  preoperatively  on  CT  or MRI  scanning,  it should  be  operated  by open  book  laminectomy
even  if the patient  is neurologically  intact  since  it carries  a high  risk of  neural  entrapment,  and  its presence
affects  the  intraoperative  postural  and  instrumental  trials  for anterior  vertebral  height  restoration.
Level  of evidence:  Level  IV. Retrospective  study.
©  2015  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Lumbar burst fractures Denis type A, B, C and D often result from
 combination of acute hyper-ﬂexion and rotational forces, and
re usually unstable [1,2]. The posterior fragments from the frac-
ure usually enter the canal to some degree, which can sometimes
∗ Corresponding author. Karatas Hospital, Department of Orthopedics and Trau-
atology, 35260, Konak Izmir, Turkey. Tel.: +90 5375552636.
E-mail address: eyad55 55@yahoo.com (E. Skiak).
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877-0568/© 2015 Elsevier Masson SAS. All rights reserved.result in neurological deﬁcits. Laminae fractures may  be complete
or of the incomplete (greenstick type). Dural tears and nerve root
entrapment may  accompany lamina fractures, but it is not possible
to determine their existence unequivocally by clinical and radio-
logical methods before surgical treatment [3–6]. To these patients,
one of the goals of the operative treatment of spinal fractures is
the restoration of the anatomy of the spinal column, including the
spinal canal. Using the dorsal midline approach, all fractures were
explored if lamina fracture is present to release entrapped neural
structures, and treated by postural reduction, instrumental angu-
lar reduction and stabilization with a long segment transpedicular
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Table 1
Patients’ related data.
No. of patients 112
Men  [n (%)] 104 (93)
Women  [n (%)] 8 (7)
Age [year (range)] 32 (17–55)
Follow-up 46 months (32 months to 5 years)
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Table 2
Patients’ data related to complete and incomplete lamina fractures with respect to
dural tear and neural entrapment.
Dural tear Neural
entrapment
Dural tear with
neural
entrapment
Without dural
tearAetiology
Fall from height [n (%)] 98 (87.5)
Motor vehicle accident [n (%)] 14 (12.5)
nternal ﬁxators. Both postural reduction and instrumental reduc-
ions perform important roles in the operative treatment [7,8].
onetheless, the exact impact of an associated laminar fracture
s an isolated severity marker remains unknown. An associated
aminar fracture is a main contributor to the severity of injury and
hould be included in the treatment plan [9,10].
Our study on the upper lumbar burst fractures series was
esigned to assess the incidences of lamina factures with its both
ypes (complete and incomplete), the dural tear and the neural ele-
ent entrapment, and the correlation between the presence of the
wo types of laminae fractures and the efﬁcacy of postural and
nstrumental reduction manoeuvres on anterior vertebral height
estoration.
. Materials and methods
.1. Clinical data
This retrospective study was carried out for 112 patients
8 females and 104 males) with 114 lumbar burst fractures, mean
ge was 32 years. Mean age seems to be low due to the fact that the
ast majority of patients were young people working in the border
unnels present between Gaza strip and Egypt, in which all tun-
el workers were exposed to the risk of fall from height. Average
ollow-up period was 46 months. The aetiology of injury was  falling
rom height in 98 (87.5%) and trafﬁc accident in 14 (12.5%) (Table 1).
he type of lamina fracture was also predicted from the CT scan and
as recorded. The anterior vertebral height (AVH) was  measured
n lateral radiographs taken pre- and postoperatively, The normal
eight of the fractured vertebra was determined by averaging the
eights of vertebrae at adjacent levels.
The neurologic status was determined according to ASIA mod-
ﬁcation of the Frankel classiﬁcation at the time of injury and the
ollow-up. The Frankel method, which grades neurological func-
ion impairment, was used to compare preoperative and latest
ollow-up patient status. In this retrospective study 112 patients
ith 114 upper lumbar burst fractures were treated from February
007 through August 2012. Each patient had anteroposterior and
ateral radiographs, computed tomography and/or magnetic reso-
ance imaging scans. Anteroposterior and lateral radiographs were
sed for the determination of loss of anterior vertebral height. The
ype of lamina fracture was also predicted from the CT scan and
as recorded.
According to the preoperatively obtained CT scanning, patients
ere divided into three groups. Group 1 consisted of 78 patients
ho had upper lumbar burst fractures without lamina fracture,
roup 2 involved 21 patients who had burst fractures with complete
ype lamina fractures, and group 3 consisted of 13 patients with
ncomplete (percutaneous type) lamina fractures. Fracture types
nd their demographic distribution were explained in (Table 2).
All patients underwent surgery in the prone position and under
eneral anesthesia. The midline incision was centered at the injury
evel and completely exposed the injury with two adjacent levels
bove and tow levels below. All the patients with lamina frac-
ures were carefully explored using the open book laminectomyIncomplete 4 2 2 9
Complete 12 7 5 9
technique with the posterior approach; if there was any dural
tear and nerve root entrapment, it was then reduced and repaired
[11,12]. After insertion of the pedicle screws, postural reduction
was performed by creating hyperextension by the Hall-Relton
frame. The connecting rods were placed, distraction of the lev-
els above and below the fracture was used to create tension on
the posterior longitudinal ligament, to reduce the fracture by liga-
mentotaxis. Pedicle screw insertion and reduction were guided by
ﬂuoroscopy, and the goal was  to get the angles between the two
pedicle screws and rods above a combined 180◦ in order to ideally
restore correct lordosis and vertebral alignment. The screws were
then tightened in a divergent manner and posteriolateral fusion
was performed (Fig. 1). Fractures were classiﬁed according to the
three-column theory of Denis [13].
The Frankel method, which grades neurological function impair-
ment, was  used to compare preoperative and latest follow-up
patient status [14,15]. The Frankel method is a scale used by the
American Spine Injury Association (ASIA) and graded from A to E.
Functional results for all patients were based on comparison of the
patient’s occupational and recreational status before and after the
injury (Tables 3 and 4). These results were classiﬁed as excellent,
good, fair or poor according to the Smiley-Webster Scale.
3. Results
Lamina fracture was detected in 34 (29.8%) out of 114 upper
lumbar burst fractures, complete lamina fracture was detected in
21 patients (61.7%) and incomplete lamina fracture (greenstick
fracture) was detected in 13 patients (38.3%). In group 2 in our
upper lumbar burst fractures series complete lamina fracture was
detected mostly at the level of L2 in 57% (12 patients), in L1 com-
plete lamina fracture was detected in 9.5% (2 patients), and it was
detected in 28% of the L3 burst fractures (6 patients), dural tear
was detected in 57% (12 patients) mostly at the level of L2 (38%)
(8 patients) and neural entrapment was  detected in 33% mostly
at the level of L2 (19%) (4 patients). Whereas in group 3 of the
incomplete lamina fracture it was  detected mostly in L2 (61.5%)
(8 patients), L3 (23%) (3 patients) and in L1 (15.5%) (2 patients).
Dural tear was  detected in 30% (4 patients) mostly at the level of L2
(23%) (3 patients) and neural entrapment was  detected in 15% one
in L2 level and another one in L3 level (Table 2).
3.1. Anterior segmental height
Anterior segment height measurement was done preoperatively
by measuring the anterior body height on a true lateral decubitus
thoraco-lumbar views for all patients. And it was  measured one
weak postoperatively in the same position.
The preoperative mean of anterior vertebral height loss was
(42%) in all patients range (24–69%). All data were analysed using
SPSS v. 15 (SPSS, Inc., Chicago, IL.). The non-parametric Man Whit-
ney U test was used for categorical comparisons. The statistical
signiﬁcance was  set at P = 0.05, there was no statistically signiﬁ-
cant difference between group 1 and group 2, between group 1 and
group 3 and between group 2 and group 3, P values were 0.545,
0.554, 0.532 respectively. However, the mean anterior vertebral
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Fig. 1. A. A lateral view for a 40-year-old male patient with type A L2 burst fracture. B. Reveals a complete type lamia fracture seen on axial CT scan. C. AP view for the same
patient  after long segment ﬁxation. D. Lateral view shows the anterior vertebral height reduction inﬂuenced by the presence of a complete type lamina fracture.
Table 3
Preoperative neurological assessment.
Preoperative neurological condition according to ASIA
(Modiﬁed Frankel classiﬁcation)
Group no. No. of patients A B C D E
Group 1 78 4 13 20 28 13
Group  2 21 1 4 7 7 2
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eight restoration ratio was (85%) in all patients, range (66–94%).
he vertebral height restoration ratios was statistically signiﬁcantly
nﬂuenced by the presence of complete type lamina fracture (group
) when compared to patients without lamina fracture (group1)
P = 0.001). Vertebral height restoration ratios difference was  statis-
ically signiﬁcant between group 2 and group 3 (P = 0.001). Whereas
o statistical signiﬁcance was detected between group 1 and group
, (P = 0.88).
Anterior vertebral height restoration was signiﬁcantly inﬂu-
nced by the presence of complete lamina fracture in upper lumbar
urst fractures (group 2) when compared to upper lumbar burst
ractures without lamina fracture and with incomplete lamina frac-
ure, group 1 and group 3, respectively (Fig. 2).
.2. The local kyphotic angle
The local kyphotic angle was measured preoperatively on a true
ateral decubitus thoraco-lumbar view for all patients. And it was
easured one weak postoperatively in the same position. Preop-ratively, there was no statistical signiﬁcance between the three
roups, whereas postoperatively, the local kyphotic angle of group
 is affected signiﬁcantly when compared to group 1 and 3 (Fig. 3)
Table 5).
able 4
ostoperative neurological assessment.
Postoperative neur
(Modiﬁed Frankel 
Group no. No. of patients A 
Group 1 78 2 
Group  2 21 1 
Group  3 13 0 2 1 7 3
3.3. Neurological assessment
The severity of injury was  determined using the ASIA (Modiﬁed
Frankel scale). In group 1 (without lamina fracture), there were
78 patients, their preoperative neurological status was evaluated
according to the Modiﬁed Frankel scale [A, B, C, D, E], patient distri-
bution was [4,13,13,20,28] respectively, whereas postoperatively
the distribution of patients has changed to [2,4,16,26,28] respec-
tively. In group 2 (with complete lamina fracture), there were 21
patients, the preoperative patient’s neurological status distribution
was [1,2,4,7,7], changed postoperatively to [1,0,3,12,5] respec-
tively, and in group 3 (with incomplete lamina fracture), there
were 13 patients, their preoperative patient’s neurological status
distribution was [0,2,1,7,3], changed postoperatively to [0,0,2,5,6]
respectively (Tables 3 and 4).
The functional outcome of the entire study group was assessed
using the Smiley-Webster Scale. Good to excellent results were
obtained in 93 (83%) out of 112 patients.
4. DiscussionThe burst fracture is an injury characterized by anterior verte-
bral body height loss and retropulsion of the posterior aspect of
the vertebral body into the spinal canal. The vertebral body injury
ological condition according to ASIA
classiﬁcation)
B C D E
4 16 26 28
0 3 12 5
0 2 5 6
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Fig. 2. Preoperative vertebral height loss and postoperative vertebral height restoration percentage mean values for group 1, group 2 and group 3 patients.
ative a
f
U
f
w
e
p
s
o
a
s
a
a
T
TFig. 3. Comparative graphics demonstrating the Preoper
requently is associated with fractures through the neural arch.
sing a three-column concept of instability the division of these
ractures into stable and unstable injuries is difﬁcult [16,17].
Posterior dural tears associated with lumbar burst fractures
ere ﬁrst reported by Miller et al. [18] They documented the pres-
nce of dural lacerations and the herniation of the cauda equina in
atients with thoraco-lumbar burst fractures associated with the
eparation of pedicles, and pointed out that neural elements were
ften entrapped between the fracture fragments of lamina. Denis
nd Burkus [11] noted a vertical lamina fracture that had occurred
econdary to splaying of the posterior arch of the vertebra under
xial loading, and described these as a greenstick fractures of the
nterior cortex of the lamina.
able 5
he patients’ preoperative and postoperative mean value of local kyphotic angles.
Preoperative (degree) Postoperative (degree) 
Group 1 25 ± 6.7 7 ± 4.3 
Group 2 29 ± 5.2 17 ± 3.9 
Group 3 25 ± 7.6 9 ± 5 nd postoperative local kyphotic angle value differences.
Under axial loading (fall from a height) the pedicles and the
posterior elements splay laterally and the bone is retropulsed from
the vertebral body, which can cause the dura to protrude between
the lamina fracture fragments. After dissipation of axial loading, the
nerve roots and the dura are entrapped [12,19,20].
There is a correlation between the level of the spinal fracture and
the probability of neurological deﬁcit. More cranial levels of frac-
ture have a higher probability of neurological deﬁcit [21]. In our
upper lumbar burst fractures with lamina fracture series complete
lamina fracture was detected mostly at the level of L2 in 57% (12
patients), whereas it was  detected in 9.5% in L1 (2 patients), and it
was detected in 28% of the L3 burst fractures (6 patients), dural tear
was detected in 57% (12 patients) mostly at the level of L2 (38%) (8
P value Preoperative Postoperative
Group 1 vs. 2 0.085 0.001
Group 1 vs. 3 0.959 0.136
Group 2 vs. 3 0.111 0.001
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Fig. 4. A. An AP view for a 23-year-old male patient with a type D burst fracture of L3. B. The lateral view for the same patient shows the serious central comminution of L3.
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e.  An axial view CT scan showing an incomplete lamina fracture. D. A postoperative
.  An AP view for the same patient.
atients) and neural entrapment was detected in 33% mostly at the
evel of L2 (19%) (4 patients). However in group 3 of the incom-
lete lamina fracture group, it was detected mostly in L2 (61.5%) (8
atients), L3 (23%) (3 patients) and in L1 (15.5%) (2 patients). Dural
ear was detected in 30% (4 patients) mostly at the level of L2 (23%)
3 patients) and neural entrapment was detected in 15% one in L2
evel and another in L3 level.
We found that there is an association between the occurrence
f compete lamina fracture and the dural tear (57%, 12 patients)
ith neural entrapment ratio (33.3%, 7 patients). Whereas the asso-
iation of incomplete lamina fracture and dural tear was (28.5%,
 patients) with neural entrapment ratio (15.3%, 2 patients). This
nding may  alert the surgeon if he or she observes a complete
amina fracture in an upper lumbar burst fracture.
Through intact spinal ligaments and discs, a partial fracture
eduction will be induced when the patient is put in a supine posi-
ion during initial care and transport. Extension does not widen
he spinal canal in an unfractured spinal column [22], but the com-
ination of angular fracture reduction and distraction will widen
he spinal canal by means of ligamentotaxis [23]. For anatomical
easons, ligamentotaxis below the L2 level is weak or even absent
24]. If the longitudinal ligaments – especially the posterior longi-
udinal ligament – are not (completely) disrupted, distraction and
ntikyphosis can achieve a reduction of bony fragment, which nar-
ows the spinal canal of the injured spine.
In the literature many patients develop progressive instability
haracterized by progressive kyphosis, back pain and neurologi-
al squeal [25,26]. The goal of the operative treatment of spinal
ractures was the restoration of the anatomy of the spinal column,
ncluding the spinal canal. In the dorsal approach, all fractures were
reated by postural reduction, instrumental angular reduction and
tabilization with a long segment transpedicular internal ﬁxator
27,28]. In our series of upper lumbar burst fractures both postural
eduction and instrumental reductions perform important roles in
estoration the vertebral height and the kyphotic angle.
The improvements observed in the radiological parameter
anterior vertebral body height, local kyphotic angle) measured in
he immediate postoperative period and at the ﬁnal follow-up are,
ith a few exceptions, comparable with those reported elsewhere
29,30].
Any reduction manoeuvre will close the lamina fracture and
rush the entrapped neural elements. Therefore, it is impor-
ant to evaluate whether there is any neural entrapment [28].
his ﬁnding may  alert the surgeon if he or she observes a lam-
nar fracture. We  could not ﬁnd any speciﬁc absolute clinical
r radiological (plain radiograph, CT, or MRI) indicators that
ould make it clear whether there is a dural tear and neural
ntrapment with lamina fractures before surgery. Therefore, ifl view shows a good height restoration after postural and instrumental reduction.
there is lamina complete or incomplete fracture, it should be
the rule to begin with patient in the natural position before
attempting any postural reduction and the Hall-Relton frame
should be kept in natural position with the lumbar spine kept at
the same position with shoulders and iliac crests, then beginning
with posterior approach and using the open book laminectomy
technique of the posterior neural arch to expose the dura safely.
Entrapped neural elements can be successfully extracted from the
lamina fracture. After that postural indirect reduction can be initi-
ated and the Hall-Relton frame can be manipulated safely (Fig. 4).
This study consisted of 112 patients and included all upper lum-
bar burst fractures involving the middle column, not just Denis
Type B fractures, so even though this study is retrospective it
expands on the current knowledge of this treatment.
5. Conclusion
In this upper lumbar burst fracture series, no signiﬁcant differ-
ences were found in vertebral height restoration and local kyphotic
angle between incomplete lamina fracture patients group 3 and
patients without lamina fracture (group 1). However a signiﬁcant
association between the presence of a complete lamina fracture
(group 2) and the insufﬁciency of anterior vertebral height and local
kyphotic angle restoration when compared to other groups (group
1, 3) and this is maybe due to the high axial trauma accompany-
ing complete type lamina fractures which leads to a disruption in
the effectiveness of ligamentotaxis to restore the vertebral height
while performing reduction. This ﬁnding can be added as a severity
marker to the complete type lamina fracture in upper lumbar burst
fractures and may  alert the surgeon to decide the appropriate sur-
gical intervention required to restore the spine chain in a proper
way.
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